Proinflammatory cytokines mediate the toxic effect of superantigenic staphylococcal exotoxins (SE). A pan-caspase inhibitor suppressed SE-stimulated T-cell proliferation and the production of cytokines and chemokines by human peripheral blood mononuclear cells. These data suggest that caspase inhibitors may represent a novel therapeutic modality for treating SE-induced toxic shock.
Staphylococcal exotoxins (SE) have been implicated as major virulence factors responsible for toxic shock syndrome (2, 15, 19) . This disease is characterized by fever, hypotension, desquamation of skin, and multiple-organ system failure. Staphylococcal toxic shock syndrome toxin 1 (TSST-1) and the structurally related staphylococcal enterotoxin B (SEB) are potent stimulators of the immune system, as they bind directly to the major histocompatibility complex class II molecules on antigen-presenting cells (9) . These superantigens polyclonally activate T cells (4) , resulting in proliferation and, eventually, apotosis. Multiple components of the host inflammatory response triggered by SE have been shown to contribute to toxic shock, including the cascade of inflammatory cytokines and chemokines (3, 4, 9, 16, 19) . These cytokines include interleukin 1 (IL-1), tumor necrosis factor alpha (TNF-␣), and gamma interferon (IFN-␥). These proinflammatory mediators have potent immunoenhancing effects and are known to be pathogenic at high levels (12) . The massive production of inflammatory mediators from both T cells and monocytes appears early, within hours after the SE bind to these cells, while T-cell proliferation occurs later.
Recently, caspase inhibitors were used to prevent allergic airway inflammation (7) and to decrease the death rate from acute experimental pancreatitis (18) . Caspase inhibitors also blocked murine liver injury (13) and attenuated bleomycininduced pneumopathy (14) . Other studies indicated that caspase activation is required for mitogen-or anti-CD3-stimulated T-cell proliferation (1, 8, 17) . Caspases belong to a family of autocatalytic cysteine proteases which regulate many cellular processes, including apotosis, cell differentiation, and inflammation (5) . They share sequence homologies and are grouped into three subfamilies based on their function and substrate specificity (5, 6, 18, 20) . Group 1 caspases, which include caspase-1, -4, -5, and -14, mediate cytokine processing and inflammation. Caspase-1, originally known as the IL-1␤converting enzyme, is the first-discovered caspase and is essential in the proteolytic processing of cytokines IL-1 and IL-18. The other major groups of caspases, groups 2 and 3, function mostly in apotosis and in other cellular proteolytic cascades resulting in DNA fragmentation and degradation of multiple cellular substrates (5) . To elucidate further the cellular mechanisms contributing to toxic shock, caspase activation in SEstimulated human peripheral blood mononuclear cells (PBMC) was examined through the use of specific and pancaspase inhibitors.
Purified TSST-1 and SEB were obtained from Toxin Technology (Sarasota, Fla.). The endotoxin content of these preparations was Ͻ1 ng of endotoxin per mg of protein, as determined by the Limulus amoebocyte lysate gelation test (BioWhittaker, Walkersville, Md.). Human recombinant TNF-␣ (hrTNF␣), antibodies against hrTNF␣, peroxidaseconjugated anti-rabbit immunoglobulin G, and peroxidaseconjugated anti-goat immunoglobulin G were obtained from Roche (Indianapolis, Ind.). hrIL-1␤ was kindly provided by J. Oppenheim (National Cancer Institute, Frederick, Md.). hrIFN-␥ and hrIL-6 were obtained from Collaborative Research (Boston, Mass.). Antibodies against IFN-␥ and MCP-1 were obtained from BD PharMingen (San Diego, Calif.). hrMCP-1, hrMIP-1␣, and hrMIP-1␤, and antibodies against IL-1␤, IL-6, MIP-1␣, and MIP-1␤ were purchased from R&D Systems (Minneapolis, Minn.). The caspase inhibitors benzyloxycarbonyl-
, and Z-Ile-Glu-Thr-Asp-fmk (Z-IETD-fmk) were obtained from Calbiochem (San Diego, Calif.) and dissolved in dimethyl sulfoxide. All other common reagents were obtained from Sigma (St. Louis, Mo.). Human PBMC were isolated by Ficoll-Hypaque density gradient centrifugation of heparinized blood from normal human donors. PBMC were cultured in 24-well plates at 37°C in RPMI 1640 supplemented with 10% fetal bovine serum at a concentration of 10 6 cells/ml. Cells were stimulated with either TSST-1 (200 ng/ml) or SEB (200 ng/ml) for 16 h. The exotoxins and the various concentrations of caspase inhibitors were added simultaneously. Supernatants were harvested and analyzed for IL-1␤, TNF-␣, IL-6, IFN-␥, MCP-1, MIP-1␣, and MIP-1␤. Cytokines and chemokines were measured by an enzyme-linked immunosorbent assay with cytokine-or chemokine-specific antibodies, as previously described (10, 11 
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Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it does not display a currently valid OMB control number. Caspases have been implicated in the pathogenesis of many inflammatory diseases (5, 13, 14, 21) . The stimulatory role of caspases in superantigen-stimulated PBMC was examined by observing the effect of caspase inhibitors on cytokine and chemokine production. Figure 1 shows that the pan-caspase inhibitor Z-D-CH 2 -DCB blocked the production of IL-1␤, TNF-␣, IL-6, and IFN-␥ in SEB-stimulated PBMC in a dosedependent manner. The production of the chemokines MCP-1, MIP-1␣, and MIP-1␤ was also suppressed (Fig. 1C) . The inhibitory effect of Z-D-CH 2 -DCB on TSST-1-activated PBMC was similar, reducing IL-1␤, IL-6, TNF-␣, IFN-␥, MCP-1, MIP-1␣, and MIP-1␤ to 10, 36, 25, 10, 11, 25, and 30%, respectively, of levels in untreated cells ( Fig. 2A and B) . In contrast, another broad-spectrum caspase inhibitor, Z-VADfmk, inhibited the SEB-and TSST-induced cytokines and chemokines less effectively ( Fig. 2A and B) .
More-specific caspase inhibitors were used to further determine which enzymes were involved in SE-stimulated PBMC. The caspase 1 specific inhibitor, Ac-YVAD-cmk, attenuated IL-1␤ and monocyte chemotactic protein production in PBMC stimulated by SEB and TSST-1 to 95 and 18%, respectively, but had minimal effects on the other cytokines ( Fig. 2A and B) . The caspase 3-specific inhibitor, Z-DEVD-fmk, and the caspase 8 inhibitor, Z-IETD-fmk, did not significantly affect the levels of cytokines or chemokines from SE-stimulated cells (data not shown). Neither the caspase inhibitors nor dimethyl sulfoxide (0.26%), the solvent used in preparations of these inhibitors, affected the viability of the cells at the concentrations used, as confirmed by a trypan blue dye exclusion test and the release of cytosol LDH. The two pan-caspase inhibitors did not inhibit [ 35 S]Met incorporation into proteins in PBMC cultures (data not shown) and therefore are not general inhibitors of protein synthesis.
Because superantigens also cause T-cell proliferation, the effect of these caspase inhibitors on SE-induced T-cell prolif-eration was investigated next. Figure 3 shows that Z-D-CH 2 -DCB was also the most potent inhibitor and reduced SEB-1stimulated T-cell proliferation in a dose-dependent manner, achieving 98% inhibition at 100 M. The pan-caspase inhibitor Z-VAD-fmk blocked SEB-activated cells by 32%, whereas inhibitors specific for caspase-1, -3, and -8 failed to have an effect on SEB-induced T-cell proliferation.
The presence of three different caspases, representing the three major groups of caspases, was examined next. Caspase-1 was found in SEB-and TSST-1-stimulated cell lysate (80 Ϯ 6 and 68 Ϯ 6 pg/ml, respectively, versus 14 Ϯ 4 pg/ml in the unstimulated control). Insignificant amounts of caspase-8 were present in the SEB-and the TSST-1-treated cells (23 Ϯ 7 and 28 Ϯ 6 pg/ml versus 12 Ϯ 5 pg/ml in the control lysate), whereas caspase-3 was completely absent in these cells. Thus, in agreement with previous reports, caspase-1 was required for VOL . 11, 2004 NOTES the proteolytic processing of the cytokine IL-1␤, as caspase-1 inhibitor suppressed its release (5, 6, 21) . The presence of oligonucleosomes in cell lysate was also examined, because some caspases promote apotosis. SEB-and TSST-1-stimulated cells were not apoptotic, as oligonucleosomes were absent in these cells (data not shown).
The novel observations presented here indicate that the broad-spectrum caspase inhibitor Z-D-CH 2 -DCB suppressed multiple proinflammatory cytokines and chemokines in SEBor TSST-1-stimulated human mononuclear cells. T-cell proliferation was also blocked by this pan-caspase inhibitor but not by specific inhibitors of caspase-1, -3, or -8. Moderate caspase-1 activity was found in SE-stimulated PBMC, and a specific caspase-1 inhibitor blocked SE-induced IL-1␤ but not other cytokines or chemokines. While the inhibition mechanism has not been identified, it is clear that multiple caspases aside from caspase 1, perhaps unidentified, are required in the activation of T cells and the production of these inflammatory cytokines and chemokines. These results suggest that the inactivation of caspases represents a previously unrecognized modality for blocking superantigen activation of cellular responses and treatment of toxic shock. 
